Abstract -Systems are considered consisting of an arbitrary number of multiconductor transmission lines joined and terminated by arbitrary linear networks.
networks. An example of such a system is sketched in Fig. 1 . The time-domain waveforms of the generators are first Fourier transformed. Next, the analysis of the system is performed in the frequency domain at a set of discrete frequencies. Finally, the inverse fast Fourier transform is used to obtain the time-domain waveforms. The transmission line analysis is based on the modal theory in the frequency domain, which can be found in Manuscript receivedFebruary 9, 1987; revisedJune 8, 1987 .This work was supported in part by E and [G] .) The line can be described by the telegrapher equations in the frequency domain:
where [V(x) ] is the vector of complex line voltages, [1(x)] is the vector of complex line currents,
and~is the angular frequency. From the telegrapher equation~the wave equation for the line voltage vector can be derived:
Next, we try to find a solution to the wave equation (5) which is a wave whose propagation along the line is described by the multiplicative factor exp ( + y~x), i.e.,
where [ Vom] and [18] are vectors of complex constants.
Such waves are referred to as the eigenmodes. The minus sign in (7) corresponds to a mode traveling in the direction
iN ( of the x axis (the incident wave), ,and the plus sign corresponds to a mode traveling in the opposite direction (the reflected wave).
From the wave equation (5), we now obtain
where [U] is an identity matrix. Equation (8) 
The solutions to (9) ..,:, N). These modal matrices are related as
In the general case, all the eigenmodes, propagating in both directions, will be excited on the transmission line.
Let us introduce complex intensities of the incident and 
where
[G,(
[G,o] and [Gro] are complex vectors containing modĩ ntensities at x=O, and
The characteristic impedance matrix [ZC] of the line is defined by the relations
and it can be evaluated as
The inverse of [Z,] is the characteristic admittance matrix
we obtain voltages and currents at both transmission line ends in terms of the incident modal intensities at x = O and the reflected modal intensities at x = D:
Note that the reference directions for the line currents coincide with the direction of the x axis (as shown in Fig.  2 ).
From the above equations, it can be seen that the state at the transmission line ends is uniquely determined by 2 N quantities, i.e., by the elements of the modal intensity vectors [G,. ] and [G,D] . The objective of our analysis will be to find these vectors for each transmission line (at a set of discrete frequencies) by a combined treatment of the transmission lines and the terminal and interconnecting networks.
III.
TREATMENT OF TERMINAL AND INTERCONNECTING NETWORKS
We assume that the networks terminating and interconnecting the transmission lines of our system are arbitrary multiport linear networks, some of which contain generators. Also, we assume that there are no dependent genera- the currents at the line ends, from (20) and (22) we involve only discrete frequencies. In that case, a " very low frequency" could be, for example, 1/100 of the distance between adjacent samples in the frequency domain.
V.
NUMERICAL 12CAMPLES
As the first example, we consider a single multiconductor transmission line, with N = 2. One line conductor is driven by a 50-S? generator at one end, while all the other line ports are connected to the ground by 1OO-Q resistors.
The system is sketched in Fig. 4 . Note that in Fig. 4 Next, we consider the same case as shown in Fig. 4 , but we assume the line to be lossy. The line resistance matrix is assumed to vary in proportion to the square root of the frequency, while the conductance matrix is assumed to be independent of the frequency. The resistance matrix at 1 MHz and the conductance'matrix are given by
The resulting voltage waveforms are shown in Fig. 7 .
As the second system, we consider the two transmission lines sketched in Fig. 8 
